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(54) MAGNETIC MEMORY MEDIUM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a magnetic 
memory medium which is capable of recording 
information with a high recording density and reproducing 
this information with high signal quality (high S/N) and in 
which a long life of the information can be achieved. 
SOLUTION: This magnetic memory medium has a 
plurality of magnetic layers 1.1 and 1.2 on a nonmagnetic 
substrate 3 and an antiferromagnetic parting layer 2 
which is interposed between these magnetic layers 1.1 
and 1.2 and parts the plural magnetic layers 1.1 and 1.2 
from each other. Since an exchange interaction mutually 
acts between the magnetization of the ferromagnetic 
material constituting the plural magnetic layers 1.1 and 
1.2 and the magnetization of the antiferromagnetic 
material constituting the parting layer 2 parting the 
magnetic layers 1.1 and 1.2, the magnetic information 
recorded on these magnetic layers 1.1 and 1.2 is stable 
against thermal fluctuations and is maintained for a long 
period of time. 
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[lff**l] imfecomfct. tS»<95S«tt<D««lE 
[IS** 2 ] WE^»JB^flc^5i**iit*i-5*tfi. 

as*****-*-* t i tc-ffi B WM*tt^tt5 

♦tfi* 645:i t -f 5 IS** 1 E*<P4K«Ett 

JSEffc 10 
[IS** 3] fl«E«*lE«Jltf^ Cotd, Cr, p 

tt<0tt«Efftttfc 
[Iff** 4] flftE^Bf»^S, CrC, Mn. Ru, 3o 

*> ft 3 - fc ** i E*<o»SCE«JflE* 0 

[If** 5] mrE^Bf«^, CrC, 5 a t %«_k 8 

x-hzzti&vkt i~z> is** 4 EttoraKEtttttfc 20 

[If** 6] ifE^lfl^, CrM, 2 a t %W± 1 
8 a t %«T<o»fl[^R u^iSADSix^^^/jrS« 
■efc 5 r <h £ i-« if** 4 Ett<o«ftE««E# 0 

[If** 7 J «TE»W/I*S, CrK, 2 a t %K± 1 
4 a t %»T^»S^R e ^SJD$tlfc^^t)451 
T?«> 5 w t ^r#m i -T 5 iff ** 4 EttOttAEffttttt. 

[Iff** 8] fWFESMWftfS, CrC, Mn, Ru, *3 
£XfRe<D?*?<DimmU±<D7tm&lfti))U£tl* £b\Z 
MofeJ:Ww 5 t<7> 1 ffi^Wi^SSAOSnfe'&^^b 
ft Si-CfcS ^ i tS»*9 4 EttoBftEig 30 

[if** 9] mU^mmfr. Crd. Mn, Ru. *5 

5>46i1?*5i4 Sr»» t i" 6 IS** 4 Etttf>« 
«E«fflE* 0 

[|f**10] iWE^WfJl^, CrC, Mn, Ru, 
JSJzl/R eco ia^J^-h<7)7c^^^o$tt/c, 4 

- t Sr*HR t -T 5 If** 4 E*c<0«ftE«4«f*: 0 40 
[if**l l] «Ei*l:»»Lt, 
#t-SWf4ri><bft5^&^^ 

ftA^ftSSttBtti i: w 9 t<o/>ft < t h l if ^bft 
STlfil^l, iifJEa«^««E»«<0 9*>w*Ta 
<o^flE«/I ^f£T«2/l CKlLt * ttr ft £ c t 
Zftmt-tZimm 1 EttttttAEISKtt. 
[IS** 12] iffiETiftJidi, OTE#««:/BS:*U 
SE^ittttJI^. C r Z^J* % £ h^C r tylZM o *>£l> 
f±W*sjK*P $ *Lfc ft 5 S t?fc 5 C £ fc -r 

5Iff**i l EttattftEttKtt. 50 
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[lf**l 3] «fET«i^, WES3fi«tt«S:* 
U ttS3»«tt«* s , C r St^k S5)l:CrW:M 
n s Ru, :fcJ;LKR t><^ i aaJSL±<07C*^jR*P 

IBAEfttKtfc, 

[IS** 14] ifflETittJias. ffiEKftBttJIfrfr 

U C r S:^, Sf)l:CrtJ|;5a 

t°«i8 0a t%HTOlS(OMy>Si)0^^ 

»E««E* 0 

[lf**l 5] AftETJfiJias. iffiERBHKtt/iSrW 

t%Wl8a t%«TO««<7?Ru^jSSaJS*bfc-&4fe: 
a>bft5/lTfc5C££#®£^51ff**l 3E«oi8 
^EtS^ffo 

[lf**l 6] iMrETJfi/i#* mER3»Ktt«S:W 
t%H114a t%WT^fllft^R e^aSAO$tLfc^^: 

AEttft*. 

I!f**l 7] fi(rET*/ias, WER»«tt»Sr* 
n. Ru, *5j;tfR e CO 9 ^(^ 1 S^JiCOic^^^o 

£*t* S e>l:MofcJ:t;wa) 5 to l ssaicossi^ 

* l 3 EttattAEttEttfr. 
[If** l 8 ] fltrET««as, NESiftBttffSrlr 

n. Ru, fci^R eco5 tOl aS«±cOTC3g^}gjD 

$ b^p t *5J:^r hco5 1 1 mmu±.<D7cm& 

*1 3E*w««E(ft«£fro 
[lf**l 9] WET»/I^, «JER3S«i4«S:W 

n, Ru. fc<ttfRe(D5tOia«JK±<O^*^aai0 

$nrc. 400 Ka±^-/nass:tt5^^e)ft 

[If** 2 0] a«E««E«Jio5*>o*±»»-IBSl 

^5 IS** 1 E*<o«fttE««ft: 0 
[If**2l] ffiEtt«CEAA^. B»«E»lo« 

@^ms?*B r tmmnmmm<Dm^<Dm^ 1 1 corns 

r*t^20Gauss*/i mJ^Jb lOOGauss • 
^mHTtft5t^e*,5:t «:4»{R i i- 6 If** 1 E 
tt^fittftEttUEff. 

[If** 2 2 ] flfrESff^X-Y^^ttCOSfrT-fcS t 
<t^tw, BftEttft^iBftEftJB^. •entcofittmESS 



( 3 

3 

t -t £ 2 Efl^ttAEtttttt* 

[0 0 0 1 ] 

[0 0 0 2] 

[0003] -irk, «aget8ttCfftt««wa^gE«s 

-to5*##a£co LTlWJf^]^ 

[0 0 0 4] CtoB«»jc(7)^i, «SlE«iSEflw 
««IEfiUI#ff SKBI Ut»t^Jt'»< 30 

[0 0 0 5] L*»U »#^««Ef*«ff"?tt, iSv^E 
«*«^S4fS*^*ti-5 S/N.^iST-f-S-i: (I? 

[0 0 0 6] rC0j«ffy>f X*5«^-t-5fiREg<oiott, 40 

< <CoTjBE*/WXfcH*-r5o Lfc^ot, «SLE« 
JblT£ <b;ftS 0 50 
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[0 0 0 7] ~coj: 9 ^ 8t*E«W* s *<aftEft/i 

aS:*t«^s JSV * S / N. T-S 4 Shi 0 #Jx_fi\ m 
*Efti«)flfS^ i o nmgl SfWX^IftEft 
@C0®rt^T^]fr 8 n m~ 1 0 n m*IJg *"e»«Bft* 
C irl-J: 9 . 10Gbit/inc h' fM^O^i, ^Ei^ 

[0 0 0 8] 

^E»S<o/5£ t i: fci-SflSttlSAia-^^te^-^-f XS: 
/h$<i-5fiif, *o*ft^o«ft«)3f**|ft]^^|fii*« 

LfcfifSr^Si: (T-3 0 0K) T? 

4 o-i o oa«<o/h£4tt£ft* 0 ~ co£ pditcoffi 
W^Dt, -ttLb<7)jK^t:^j^fp^*e>*5 1 Kir 

5 4:v*5PnMMS*>5. 

[0 0 0 9] #*Wli±E*Wt;:«** i«E«*«"CH* 
N.) -cfftts w t 1 1 fe E»£*i 

[0 0 10] 

w^*ftE«ttfm, 

(l) 

(2) «fto«UBttott«E<ftJI 

(3) r.4x5>^a»<o««E««^5 U^Wir^fiEbT 
^ixba*<D««Eft«*«S^»Wri-S, S^t^co 

[0011] JbE*«W^>««E«l«(*:-Ctt, JbE 
(2) a>«ft«>««E»Jl^±E (3) (T^^W^i^J:^ 
»W**tTt^SfcA, -tix?><o««E»Jl^l»lJitt 
^ti^v ^-^(D^E^S J; *9 0 $ o«i * fc ^ 

^*<^««E»*o?K-fkai»«JBE^«^*fc4 4^-e, -t 
^ E» Jii^iigffii^i ifn < «b v ^Eft 

li</^o t<Dtz#>. ±E*«W<??««lE«aflt«*. s 

[0 0 12] ±E**W^««E«ttttt-Ctt, ±E 
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5 

(2) <0«»<0»«tt<0««K«/I;&5±E (3) COS?* 
[0 0 13] ±E««E«tt#tt, ^Wf«*s#:.i>5t** 10 

f4 <t — n • :r. 3r > -V /^fiScft L^f»"f < , ^ CO— -7^ a 

^iSf6Ht^S5^o Sfc* ^ft cogE ft t£co fa Jili. fitfK 

«£^H C < £ft Coffit ^b«e«&#j3M# 

[0 0 15] ±IE»«IB«a*-Ctt. KMiEft* 

Cold, Cr, Pt v *3J:t>*T a C0 9^>^> 1 SSJW 

[ O 0 1 6 ] C o li^fB^^iiit^tt-S ^ <t ti: 30 

Col:, C r*fcttTafej^i-*^t-C«»Eftaflc 

[0 0 17] ±IB»ftlB«K*-ett, #K«0S, 

CrC, Mn. Ru. io J: XJR e CO 9 ^<0 1 mmU-k<D 

[0018] aft-*^ttfflsixTt^««iE«aflc 

*fi«*-e±E (3) ^Br«*SRBH8ttS:«ofc», 
tOMiti*t^ffl^*-/Utt^ LT4 00K 

* 5 a set* So 

[0019] _hi£LfcJ: ?l:Crl;, M n , R u % ioj: 
\z*:<D&n<D*— M&fe*4 0 0 KW±C^^J:311 
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So 

[0020] £*T\ :<^J:^:Crl;, Mn, R u> 
b45C r*»««Sr*-t-S»«E««ff^o^TlttW 

[0 0 2 1 ] Wr/f <!: LT-bEC r ^#W««r*T*-5« 
«E«SSEff-Ctt, *<E>#»rJid s , Crtr x 5 a t %£JLb 
80a t%JWT^»«^Mn^aSADS*bfc-&^^e>** 

[0 0 2 2] C r iCjbE»a^Mn^jS*D$tt^^& 

ti, a^36is®<iBt?*-r<t ^^^-/^m 0 0 

LTlLTt^o 
[0 0 2 3] »KIiU±ECr*»iitt 
■t-*««Eti«#-ett, t^Ki^^ Crfr. 2a t 
%J^_Ll 8 a t%WT^i8SORu^Sill^f;^ 

[0 0 2 4] C r f:±ffiIScORu^iiD$tl/cM 

[0 0 2 5] *fc. #B£Jf£ LTJiEC r^#»r/I£:W 
-r5««E«tt*-Ctt\ CrC, 2a t 

%JW± 1 4 a t %KT0M(7)R e ^gSJp$ixfc-&ife^ 

[0 0 2 6] C r ^±ESft<30R e *SjgS*D 

tt, »^iafi«llit?*-t-J: 9 tc^rco^— /wa«^s 4 0 0 
[0 0 2 7] ^/c. LT±EC r5R»»fJBSr# 

[0 0 2 8] ^^i5l:ff*U^(OBftSE«!t*-e 
CO 9 h(D 1 aSW±c07clf5^8s*D$n^:^^<3D (l l 

o) mno \s<nm&f>^<nffiM£MzMo tmrnztut 

W0)il:j;ota»§^5o -bE (2) co«»(^E®S 

(0 0 2) B5AT 5 LOP B 1PS(htiS^{c{5l^- 

co/c^, w<^««E«JSEtt:n, «ffc<0KfttfSA»-C*o 
[0 0 2 9] MitUlgCrlMi^* 

-r-5««Etsa*-efi, *^»»a^, stcptfcj; 

O'R hC09^» 1 ««W±^5c*^8s*PSttfc-&4fe^b* 

[0030] ^nb^7c*6oas*n^«t «9, m^mifcf&m 
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[0031] »wmt lt±isc r 

[0 0 3 2] ^il^Mt^^Ciol^, CrlZft 

3 C <h \z J: o T dig Lfc««E«8«*: <b: 4 S 0 
[0 0 3 3] Tlfi«Sr^T-rs««lffiie«E»:lwO^ 

(4) S»:^tt, f*:^^^Sr*-r5«-^^ 

[0034] ^(DTmm^-r^mnmmmm^. 
T^-b^JifB (2) coa^ts^^^w^^^ 

Jb^Ufc, ±12 (2) ^«*^««!a»JH^±ffi (3) 

[0 0 3 5] ±IBT«6»t#i-5««E««t*-Cli, -t 
^T*i^, ±E#«fS*«:WU -t<0#«tt/i^ C 
r S:^, $ btrc r *^Mofc5iMiW^j8&6D$nfc 

[0 0 3 6] r^#4LV^*fi8;Sr*i-5««ElgttEft: 30 

mmu±<ojcm&KM £ *tfc* e> 4 * t rant* 

[0 0 3 7] ftfc, ±ffiT«6*S:*i"^««ffi«fflE*-e 
tt. tOT*l^, ±ER»8ttiS:*L, -t<OR34i« 
ttSriv Cr^, SbCCrtlCMn, Ru, *5<t 
0<R e <D 5 ^><7) 1 fI^J^±C07c^^^n^tt/c^^^ 

[0 0 3 8] :o»$n«^*t51^ffiiIff 40 

li, -h^Ufc, »WCrCMn, Ru, ib^^Re 

0 K«±l:4 5 J: 9 I:««t5 : i ^ t*# 5o *fc. * 

[0 0 3 9] «T\ l^ct^CCr Sr^A. ^CCr 
^(-Mn. Ru. *5 £t>'R e CO 0 ^b<D 1 MM^-t^ytm 
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[0 0 4 0] T«l^±!E^^5)45Katttt«S:t 
rs±Ett»E«tt*-t?M\ -ta>R3MB:ttJias, Cr^r 
S5)l:Crtl:5a t°/oHi8 0a t%BlTW8 

[0 0 4 1] Sfc, T«I#±E^bft5R»»tt 
*S:*-*-5±E««ElittEff-eJ±, *OR3»W4«riS, 
C r $ bCC r^C2a t %£JLh 1 8 a t %J^ 

[0 0 4 2] T»«^±E-frA^e>*«S3ft«tt 
JiS:*-t-S±E«^Et8fflEft:T*«i, t<Dga«ffi|#, 
C r $ b\ZC rtC2a t %J^_h 1 4 a t 

[0 0 4 3] T«I#±E^&455»8tt 

[0 0 4 4] $fc, TJM#±E^a>&fc5K3IBKte 
«Sr*"r5±E«fttE«ttEffT*tt. *<DKafc««Ulj&s. 

[0 0 4 5] Tfl6Jl^±E-&^fe^5S3SKtt 
*S:*-rs±EW«E««#-ett, *OR3MM4JIj^ 
4 0 0 KK±^-/WaSS:tt-5^e,45iT*fc 

[0 0 4 6] ±E**w^>««iEtsa*n. 

(5) 8ftE««^5*,^*±tl:»gLt^-#yS: 

[0047] z(Dmmmm^(om^. ±e cs) co* 

(2) oS«EM^II$nfi. 

[0 0 4 8] *7t, ±E*«WO««E»JSEfftt, 

EAS^sett^eftB r t^(Dmn&mm<nm£(Dm 

?P t <k<7)S[B r • t/$S20Gauss - ^ mJ^_h 10 0 
Gauss • umUTtte%i><DX'tbZ>Z\k/>milil, 

[0049] aft-«^«ffl$nri^5«ftE«tt;ff 

tt. Br-t^l00Gauss-/i mgS^flSrtt 
37c*6. «ftE«jK*(^»«llES:|fi|±Sli:S^*t>*wtt, 
I^E&i^i^^ft t $r <fc ( 9 ^< IT B r • t <0{& 
^rlOOGauss-^ m«TCt5 ^ tfc&& L^ 0 
^7t. B r • t <nm& 20Gauss • u mKT^8S 

EfftjfflEff-Cli:, S,^— fedffifflSixTt^— * KlrJio 

tt)+»4S4ffl^^j#e>nit^, Br - t<om& 

20Gauss • v mJ^JbT^^ ^ bti*¥L% LV\ 
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[oo5o] ±izm&<Dmni£mm^ix?fifr-w&M* 

««»^ttSr*i-5*t»^ b ft * ±E««E««Eim, 
t^S^fV^^^S^fe^tit)!:, — feoffs 

[0 0 5 1 ] — ««E«ttfm^*^:R-efc 
[0 0 5 2] 

[0 0 5 3] **W^»lll»lia>««E«a*^ 
ffi!&&mi «r/Bl\ &*H2fcffi/BLT«ftWi-*o 
[0 0 5 4] illt *3BM<^l6tt»«»^«»E««E(*: 

[0 0 5 5)I^ai^m2(t 5 

em i t , mfz&mm 1 £* 1 o««ce«« i_.it 20 

f 2 1 _2 C^it^MI 2 t , ««E 

Ml fc»»«2«r3£«rr***3 t, S«3<fc±E» 

1 (Dm^mmm i_i <of*3:*>«:i-5Tiftjf 4 1 , ^ 

ESJI 1 5 J: 9«fi6S*tTt^5 Q 

[0 0 5 6] Sfi3H N i Pr^^^Sfii:7/U^ 
^^r^^^ttfc^^^^-V^^COA 1 /N i 

S-t-So :wS«3l:BgUCrMo„^bi!), 3 
0 nm(^i¥$^W-r^Tlt!l^4^^^ixT^o f 9, Tift 
S 4CO±gf5(r^ 1 OJK^E&JI 1_ 1 30 

5 0 ft*3. fe«^ffl^cii-r-<T a t%-e*£tt<5 0 

[0 0 5 7] |g 1 C0KMESS 1 1 ttSB 2 <9«mE® 

n_2teg^^^^t\ B^ffs^itz-t^w 

o C r P t T a (Co„C r t0 P t„Ta,) 

jftoj&f&tf) (0 0 1) ^■^tc-^^ B 0 0 ^^^ttS:W-r 
tt^^rrfij^iEx w * * 3 oRJS^faKiararai 40 

K«f*-e««««*sE*S4xS««Elt«*o 

[0058] 1 (om%mmm 1 1 (o±m^m 

2(08gffiSIl_2«Sn*CV^ 0 »ttl2li5 

C rMn, 0 /i^^^o ;cOCrMn 30 li8 00Kfi<0 50 
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n 30 irv>5R»«ttWJR-^«8fflSixTi^fci«>, mi go 
miSil i_l fc^tMi^2co«flE»S i_2 <tco 

[0 0 5 9] ^ISrJI 2*5«fcUn r iftJl 4t1i, C r 
«5d s , T*«^M«U-C»riESn-6«*E»i^Wt 

e> <^>Jf cois o ^ r m 2 K j: ^ k w -r 5 . 

[0 0 6 0] 13 2 1*. Tifc/f ^^-t-6WI4(7)^ H S 0«^ 

[0061] (§i2 -eta, n](7)±a5{-m 1 (ommmm 1 

1 SrfflfJ*:i-S C o C r P t T a &4k<Dtt& UMiir/U 
»©CrMo,.^f)«5 Sfcfc ATift 7 <Z)£alflRg*SX * 

3£<£> (1 1 0) S8£Srr e 
[0 0 6 2] *fc, ^^ H s 0 ^iir^6{i. /"s^ti^ff^ 

<#Sg<£» c|9 c|A9^Sco¥ffirt^^-C\ rt>o 

SCfriHTifll 7 K3*Ux« tL-ftt£<D ±M<D 1 0<D^«O^T 
ffi]SrJfi]^T^£ 0 CoCrPtTa^gf B li:<Oc 

[0 0 6 3] JiE^tt^ffilgBit Z<D7<JjMiW&(D 
(0 0 1) ffilO&m-to ^(O (0 0 1) &<Dffifflm<D 
*»eoaBBBPHS:*i-5ffi^ (0 0 2) Slit**?), ^ 
cq (002) suit iEPMESir. c^^p^S 

^£V$t£ftZ>o ^tihco (002) nil al;^ 
Tift/1 7 <D<fo £fa < <0 (110) ffit&ftXh 
V. Sfefc. (0 0 2) Si icoSWHBIi, SfcfrftT* 
7(7) (l 10) ffi<D&mffihlZ&— ffeLTt^o 

f$^AL^^it<DC r Mo 10 ^b*-5Tlffi®4CO±gi5 
ETr, ^^a H B tiligC0C o C r P t T a ^^ii^^ n 
. xt7^ryt/^fit6o 5fe^^-</cJ: 9^. c$tfe9 

*Sit^C o C r P t T a ^#/^— 7^ n • ^t 0 ^^f->-ryU 
fi8;«i-5fc^T*fc9, -tttlwj: 9*1 (7>««[|E»« i _ 

[0 0 6 4] Tt&IS4<D±.&l<DftWnX~flZl<nm 
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ffi\Z s » 1 ^B^iagB 1 _ 1 ± |: C r M n, o 4 S 
»WfW2^ tit, Mi2ii:CoC r P t Ta^ 
b ft 5 ^ 2 ^fitt^lfi&Jg 1 _ 2 ^ — X a • ^e- 
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(54) MAGNETIC MEMORY MEDIUM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a magnetic memory medium which is capable 
of recording information with a high recording density and reproducing this information 
with high signal quality (high S/N) and in which a long life of the information can be 
achieved. 

SOLUTION: This magnetic memory medium has a plurality of magnetic layers 1.1 and 
1.2 on a nonmagnetic substrate 3 and an antiferromagnetic parting layer 2 which is 
interposed between these magnetic layers 1.1 and 1.2 and parts the plural magnetic 
layers 1 . 1 and 1 .2 from each other. Since an exchange interaction mutually acts between 
the magnetization of the ferromagnetic material constituting the plural magnetic layers 
1.1 and 1.2 and the magnetization of the antiferromagnetic material constituting the 
parting layer 2 parting the magnetic layers 1.1 and 1.2, the magnetic information 
recorded on these magnetic layers 1.1 and 1.2 is stable against thermal fluctuations and 
is maintained for a long period of time. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Magnetic storage data medium characterized by having a nonmagnetic base, two or more ferromagnetic 
magnetic-recording layers, and a fragmentation layer of antiferromagnetism that intervenes among two or more of these 
magnetic-recording layers, and divides a magnetic-recording layer of these plurality mutually. 

[Claim 2] Magnetic storage data medium according to claim 1 characterized by for said fragmentation layer consisting of a 
material which has body-centered cubic structure, and consisting of a material which has a uniaxial-crystal magnetic anisotropy 
while having the crystal structure with said each of two or more hexagonal magnetic-recording layers. 

[Claim 3] Magnetic storage data medium according to claim 1 characterized by setting said magnetic-recording layer to Co from 
a ferromagnetic alloy with which one or more kinds of elements of Cr, Pt, and the Ta were added. 

[Claim 4] Magnetic storage data medium according to claim 1 characterized by setting said fragmentation layer to Cr from an 
alloy with which one or more kinds of elements of Mn, Ru, and the Re were added. 

[Claim 5] Magnetic storage data medium according to claim 4 characterized by being the layer to which said fragmentation layer 

is set to Cr from an alloy with which Mn of concentration not more than more than 5at%80at% was added. 

[Claim 6] Magnetic storage data medium according to claim 4 characterized by being the layer to which said fragmentation layer 

is set to Cr from an alloy with which Ru of concentration not more than more than 2at%18at% was added. 

[Claim 7] Magnetic storage data medium according to claim 4 characterized by being the layer to which said fragmentation layer 

is set to Cr from an alloy with which Re of concentration not more than more than 2at%14at% was added. 

[Claim 8] Magnetic storage data medium according to claim 4 characterized by being the layer which said fragmentation layer 

turns into from an alloy with which one or more kinds of elements of Mn, Ru, and the Re were added by Cr, and one or more 

kinds in Mo and W were further added. 

[Claim 9] Magnetic storage data medium according to claim 4 characterized by being the layer which said fragmentation layer 
turns into from an alloy with which one or more kinds of elements of Mn, Ru, and the Re were added by Cr, and one or more 
kinds of elements were further added among Pt and Rh. 

[Claim 10] Magnetic storage data medium according to claim 4 characterized by being the layer to which said fragmentation 
layer is set to Cr from an alloy with which one or more kinds of elements of Mn, Ru, and the Re were added, and which has 
400K or more Neel temperature. 

[Claim 1 1] Magnetic storage data medium according to claim 1 characterized by adjoining said base, and having a substrate 
layer which consists of at least one of antiferromagnetism layers which consist of a non-magnetic layer which consists of a 
material which has body-centered cubic structure, and a material which has body-centered cubic structure, and a 
magnetic-recording layer of the lowest layer of said two or more magnetic-recording layers adjoining this substrate layer, and 
coming to be formed. 

[Claim 12] Magnetic storage data medium according to claim 1 1 by which said substrate layer has said non-magnetic layer, and 
this non-magnetic layer is characterized by being the layer which consists of a material with which Mo or W was further added in 
Cr including Cr. 

[Claim 13] Magnetic storage data medium according to claim 1 1 by which said substrate layer has said antiferromagnetism layer, 
and this antiferromagnetism layer is characterized by consisting of an alloy with which one or more kinds of elements of Mn, Ru, 
and the Re were further added in Cr including Cr. 

[Claim 14] Magnetic storage data medium according to claim 13 by which said substrate layer has said antiferromagnetism layer, 
and this antiferromagnetism layer is characterized by being the layer which consists of an alloy with which Mn of concentration 
not more than more than 5at%80at% was further added in Cr including Cr. 

[Claim 15] Magnetic storage data medium according to claim 13 by which said substrate layer has said antiferromagnetism layer, 
and this antiferromagnetism layer is characterized by being the layer which consists of an alloy with which Ru of concentration 
not more than more than 2at%18at% was further added in Cr including Cr. 

[Claim 16] Magnetic storage data medium according to claim 13 by which said substrate layer has said antiferromagnetism layer, 
and this antiferromagnetism layer is characterized by being the layer which consists of an alloy with which Re of concentration 
not more than more than 2at%14at% was further added in Cr including Cr. 

[Claim 17] Magnetic storage data medium according to claim 13 by which said substrate layer has said antiferromagnetism layer, 
and this antiferromagnetism layer is characterized by being the layer which consists of an alloy with which one or more kinds of 
elements of Mn, Ru, and the Re were further added in Cr, and one or more kinds of elements of Mo and the W were added 
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further including Cr. 

[Claim 18] Magnetic storage data medium according to claim 13 by which said substrate layer has said antiferromagnetism layer, 
and this antiferromagnetism layer is characterized by being the layer which consists of an alloy with which one or more kinds of 
elements of Mn, Ru, and the Re were further added in Cr, and one or more kinds of elements were further added among Pt and 
Rh including Cr. 

[Claim 19] Magnetic storage data medium according to claim 13 characterized by being the layer which said substrate layer turns 
into from an alloy with which one or more kinds of elements of Mn, Ru, and the Re were further added for this 
antiferromagnetism layer in Cr by having said antiferromagnetism layer including Cr, and which has 400K or more Neel 
temperature. 

[Claim 20] Magnetic storage data medium according to claim 1 characterized by having a protective layer which adjoins the 
maximum upper layer of said magnetic-recording layers, and contains carbon. 

[Claim 21] Magnetic storage data medium according to claim 1 by which said magnetic-recording layer is characterized by being 
what product Br-t with total t of a residual magnetic flux density Br of this magnetic-recording layer and thickness of this 
magnetic-recording layer becomes below 100 Gauss-mu m more than 20 Gauss-mu m. 

[Claim 22] Magnetic storage data medium according to claim 2 characterized by the direction of the uniaxial-crystal magnetic 
anisotropy of a material with which said two or more magnetic-recording layers constitute each of those magnetic-recording 
layers being what is equal to a circumferencial direction of a base of the shape of this disk while said base is a disk-like base. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation* 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to suitable magnetic storage data medium for the magnetic 

disk drive for performing informational record playback. 

[0002] 

[Description of the Prior Art] With the increment in the recording information treated with an information processor, while the 
magnetic storage used as external storage of this information processor is compact, what has still bigger storage capacity is 
demanded. Therefore, magnetic storage data medium which can be recorded with high recording density is needed for magnetic 
storage. 

[0003] Generally, magnetic storage data medium has the magnetic-recording layer on which magnetic information is recorded, 
and 1-bit magnetic information is shown by the direction of all magnetization which consists of a set of each magnetization of 
two or more ferromagnetic crystal grain children who exist in the 1-bit eel of the magnetic-recording layer. Each magnetization 
of these ferromagnetic crystal grain children gathers in the about 1 direction, where magnetic information is recorded. However, 
when magnetization of the next 1-bit eel has gathered in this direction and the direction of reverse, bordering on the boundary of 
those adjacent 1-bit eels, the direction of magnetization does not change steeply but the direction of magnetization is reversed via 
width of face with near [ that ] a boundary. The magnetization which turns to hard flow mutually mingles with zigzag, and the 
field which has the width of face is called a magnetization transition region. In order to reproduce the magnetic information 
recorded on the magnetic-recording layer of magnetic storage data medium with high recording density good, the width of face 
of this magnetization transition region must be small. 

[0004] It is known that the width of face of this magnetization transition region will become so narrow that the 
magnetic-recording layer of magnetic storage data medium is thin about thickness. Therefore, conventionally, the attempt which 
makes a magnetic-recording layer thin is made, and magnetic storage data medium which has the multilayer magnetic-recording 
layer which comes to divide the above-mentioned magnetic-recording layer in a nonmagnetic layer is proposed. 
[0005] However, it is known for conventional magnetic storage data medium that S/Nm to the regenerative signal of the recorded 
magnetic information will fall (the data-medium noise Nm should increase to the output S of a regenerative signal), so that 
magnetic information is recorded with high recording density. 

[0006] One of the causes which this data-medium noise generates is in dispersion in the above-mentioned ferromagnetic crystal 
grain child's grain size. It is thought that a playback output is proportional to total of the volume of the ferromagnetic crystal 
grain child in a 1-bit cel. Therefore, if the average grain size in a 1-bit eel becomes large, dispersion in the grain size will also 
become large, dispersion in a playback output will become large as a result, and a data-medium noise will also increase. 
Therefore, it is thought that the data-medium noise Nm of this magnetic storage data medium is reduced further, and its S/Nm 
improves by being adjusted so that a ferromagnetic crystal grain child's grain size may become smaller in the magnetic-recording 
layer of magnetic storage data medium. 

[0007] Thus, the signal showing magnetic information is reproduced by high S/Nm, so that a magnetic-recording layer is thin 
and the grain size of the ferromagnetic crystal grain child in a magnetic-recording layer is small. For example, when are-izing 
the thickness of a magnetic-recording layer / about lOnm ] and grain size is made detailed by the field inboard of a 
magnetic-recording layer to 8nm - about lOnm, even if it is a signal showing the magnetic information recorded with high 10 
Gbit/inch about two recording density, it is thought that it is reproduced by high S/Nm. 
[0008] 

[Problem(s) to be Solved by the Invention] However, anisotropy energy Ku-V (volume of an anisotropy energy x particle) which 
shows the sense easy to the predetermined direction of magnetization of the particle becomes small, so that a ferromagnetic 
crystal grain child's grain size is made small with the thickness of a magnetic-recording layer in this way. If this anisotropy 
energy Ku-V becomes small, the heat fluctuation phenomenon in which the direction of magnetization swings under the effect of 
heat will arise. Behavior of this heat fluctuation phenomenon is determined by the ratio to heat energy kB-T 
(Boltzmann's-constant x absolute temperature) of energy Ku-V, and when taking the value which the conventional thickness and 
the grain size of a magnetic-recording layer of magnetic storage data medium mentioned above, that ratio becomes about 40 to 
100 small value at a room temperature (T=300K). thus - case the value of a ratio is small - each ferromagnetic crystal grain 
child's magnetization -- a heat fluctuation phenomenon - being generated - those magnetization - the total ~ quiet - ** - in 
order that the magnitude of the record magnetization in a 1-bit eel may decline, there is a problem that it is difficult to hold to 
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stability the magnetic information which the record magnetization expresses for a long period of time. 

[0009] While it is possible for this invention to record information with high recording density in view of the above-mentioned 
situation, and to reproduce the information by the high signal quality (high S/Nm), it aims at offering magnetic storage data 
medium by which reinforcement of the information currently recorded was attained. 
[0010] 

[Means for Solving the Problem] a magnetic-recording layer (3) of the ferromagnetism [ data medium / of this invention which 
attains the above-mentioned object / magnetic storage ] of nonmagnetic (1) base (2) plurality ~ it is characterized by having a 
fragmentation layer of antiferromagnetism which intervenes among two or more of these magnetic-recording layers, and divides 
a magnetic-recording layer of these plurality mutually. 

[001 1] By magnetic storage data medium of above-mentioned this invention, since two or more magnetic-recording layers of the 
above (2) are divided by fragmentation layer of the above (3), every layer of those magnetic-recording layers becomes what has 
thickness thinner than a magnetic-recording layer when not being divided. Generally, resolution whose magnetic storage data 
medium is an index which shows whether magnetic information recorded on the magnetic-recording layer is reproduced by 
fitness to recording density of how much since width of face of a magnetization transition region of the magnetic-recording layer 
narrows so that a magnetic-recording layer is thin becomes high. Therefore, magnetic storage data medium of above-mentioned 
this invention is suitable as data medium which records information with high recording density. 

[0012] By magnetic storage data medium of above-mentioned this invention, two or more ferromagnetic magnetic-recording 
layers of the above (2) touch a fragmentation layer of the antiferromagnetism of the above (3), and an exchange interaction 
works in an interface of the contact between magnetization and magnetization of a fragmentation layer of each of those 
magnetic-recording layers. Since the anisotropy energy Ku of a ferromagnetic crystal grain child who constitutes a 
magnetic-recording layer will increase seemingly if this exchange interaction exists, magnetization of these particles becomes 
stability to heat fluctuation. Therefore, magnetic information recorded on magnetic storage data medium of this invention is 
stabilized for a long period of time, and is held. 

[0013] It is desirable to consist of a material which has a uniaxial-crystal magnetic anisotropy while a fragmentation layer 
consists of a material which has body-centered cubic structure and above-mentioned magnetic storage data medium has the 
crystal structure with two or more above-mentioned hexagonal magnetic-recording layers of each. I 
[0014] A material which a material which has the hexagonal crystal structure generally has a uniaxial-crystal magnetic anisotropy 
from the symmetric property of the crystal in many cases, and has a uniaxial-crystal magnetic anisotropy has the high stacking 
tendency of magnetization. Moreover, generally it is easy to carry out heteroepitaxial growth of the material with the hexagonal 
crystal structure to a material which has body-centered cubic structure from a material which has face centered cubic structure, 
and the stacking tendency of magnetization becomes high with this heteroepitaxial growth, therefore, the above — desirable 
magnetic storage data medium of a configuration has the high stacking tendency of magnetization. Moreover, improvement in 
the stacking tendency of magnetization leads to buildup of coercive force He, and improvement in resolution. Therefore, 
magnetic storage data medium with high resolution with large coercive force He is obtained. 

[0015] Moreover, it is desirable that a magnetic-recording layer is set to Co from a ferromagnetic alloy with which one or more 
kinds of elements of Cr, Pt, and the Ta were added by above-mentioned magnetic storage data medium. 
[0016] Co is a ferromagnetic material which has a uniaxial-crystal magnetic anisotropy, and is suitable as a material of a 
magnetic-recording layer while it has the hexagonal crystal structure. Moreover, the holding power He of magnetic storage data 
medium becomes high by adding Pt to this Co, and a data-medium noise of magnetic storage data medium becomes small by 
adding Cr or Ta at Co. 

[0017] Moreover, it is desirable that a fragmentation layer is set to Cr from an alloy with which one or more kinds of elements of 
Mn, Ru, and the Re were added by above-mentioned magnetic storage data medium. 

[0018] It is assumed that magnetic storage data medium currently used for a current general one is used at temperature to about 
60 degrees C. Also by magnetic storage data medium of this invention, in order that a fragmentation layer of the above (3) may 
maintain antiferromagnetism to the temperature degree at least, 400K become a rule of thumb as Neel temperature of a material 
which constitutes the fragmentation layer. 

[0019] As mentioned above, as an operation gestalt shows, Neel temperature of the material can be adjusted to behind by using 
as a material of a fragmentation layer an alloy with which one or more kinds of elements of Mn, Ru, and the Re were added by 
Cr so that it may become 400K or more. Moreover, magnitude of an exchange interaction mentioned above with the adjustment 
also changes, and it is thought that stability over heat fluctuation of magnetic storage data medium of this invention can be 
increased. 

[0020] Magnetic-recording data medium which has Cr system part fault hereafter set to Cr from an alloy with which one or more 
kinds of elements of Mn, Ru, and the Re were added in this way is explained. 

[0021] It is desirable that it is the layer to which the fragmentation layer is set to Cr from an alloy with which Mn of 
concentration not more than more than 5at%80at% was added by magnetic storage data medium which has the above-mentioned 
Cr system part fault as a fragmentation layer. 

[0022] Behind, as an operation gestalt shows, the Neel temperature exceeds 400K, and since an alloy with which Mn of the 
above-mentioned concentration was added by Cr is a material which stabilizes and exists, it is suitable as a material of a 
fragmentation layer. 

[0023] Moreover, it is desirable that it is the layer to which the fragmentation layer is set to Cr from an alloy with which Ru of 
concentration not more than more than 2at%18at% was added by magnetic storage data medium which has the above-mentioned 
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Cr system part fault as a fragmentation layer. 

[0024] Behind, as an operation gestalt shows, the Neel temperature exceeds 400K, and an alloy with which Ru of the 
above-mentioned concentration was added by Cr is suitable as a material of a fragmentation layer. 

[0025] Moreover, it is desirable that it is the layer to which the fragmentation layer is set to Cr from an alloy with which Re of 
concentration not more than more than 2at%14at% was added by magnetic storage data medium which has the above-mentioned 
Cr system part fault as a fragmentation layer. 

[0026] Behind, as an operation gestalt shows, the Neel temperature exceeds 400K, and an alloy with which Re of the 
above-mentioned concentration was added by Cr is suitable as a material of a fragmentation layer. 

[0027] Moreover, it is desirable that it is the layer which the fragmentation layer turns into from an alloy with which one or more 
kinds of elements of Mo and the W were added further by magnetic storage data medium which has the above-mentioned Cr 
system part fault as a fragmentation layer. 

[0028] Thus, it is adjusted by amount of W by which a gap of the fields (1 10) of an alloy with which one or more kinds of 
elements of Mo and the W were further added by Cr which constitutes the fragmentation layer was added with the added Mo by 
desirable magnetic storage data medium of a configuration. When two or more record layers of the above (2) consist of an alloy 
which makes a subject Co which is excellent as a ferromagnetic material, a gap of the above-mentioned fields is adjusted so that 
it may be mostly in agreement mutually [ a gap of the fields (002) of an alloy which makes the Co a subject ], and it is urged to 
heteroepitaxial growth between those record layer and its fragmentation layer. Therefore, this magnetic storage data medium has 
good orientation of magnetization, and its resolution is [ holding power He is also large and ] also high. 

[0029] Moreover, it is desirable that it is the layer which the fragmentation layer turns into from an alloy with which one or more 
kinds of elements were further added among Pt and Rh by magnetic storage data medium which has the above-mentioned Cr 
system part fault as a fragmentation layer. 

[0030] By addition of these elements, the thermal stability of magnetic storage data medium increases so that it may be later 
explained by operation gestalt. 

[0031] Moreover, it is desirable that it is the layer which the fragmentation layer turns into from an alloy which has 400K or 
more Neel temperature by magnetic storage data medium which has the above-mentioned Cr system part fault as a fragmentation 
layer. 

[0032] In an alloy which constitutes a fragmentation layer, also when adding two or more elements to Cr, it becomes magnetic 
storage data medium suitable for practical use by adjusting the addition so that the alloy may have 400K or more Neel 
temperature. 

[0033] Next, magnetic storage data medium which has a substrate layer is explained. As for magnetic storage data medium of 
above-mentioned this invention, it is desirable to adjoin (4) bases, and to have a substrate layer which consists of at least one of 
antiferromagnetism layers which consist of a non-magnetic layer which consists of a material which has body-centered cubic 
structure, and a material which has body-centered cubic structure, and for a magnetic-recording layer of the lowest layer of two 
or more above-mentioned magnetic-recording layers to adjoin the substrate layer, and to come to be formed. 
[0034] Magnetic storage data medium which has this substrate layer has good orientation of magnetization, in order that a 
magnetic-recording layer of the above (2) may carry out heteroepitaxial growth good on this substrate layer. Moreover, when this 
substrate layer contains an antiferromagnetism layer, and this antiferromagnetism layer touches a magnetic-recording layer of the 
above-mentioned lowest layer, magnetic information which was mentioned above and which was recorded on magnetic storage 
data medium of this invention by the same reason as a case where two or more magnetic-recording layers of the above (2) touch 
a fragmentation layer of the antiferromagnetism of the above (3) is stabilized for a long period of time, and is held. 
[0035] By magnetic storage data medium which has the above-mentioned substrate layer, the substrate layer has the 
above-mentioned non-magnetic layer, and it is desirable that the non-magnetic layer is a layer which consists of a material with 
which Mo or W was further added in Cr including Cr. 

[0036] Magnetic storage data medium which has this desirable configuration has good orientation of magnetization, and its 
resolution is [ holding power He is also large and ] also high at the same reason as a case where a fragmentation layer mentioned 
above consists of an alloy with which one or more kinds of elements of Mo and the W were added further. 
[0037] Moreover, it is desirable that the substrate layer has the above-mentioned antiferromagnetism layer, and the 
antiferromagnetism layer consists of an alloy with which one or more kinds of elements of Mn, Ru, and the Re were further 
added in Cr by magnetic storage data medium which has the above-mentioned substrate layer including Cr. 
[0038] By the same reason as a case where a fragmentation layer mentioned above consists of an alloy with which one or more 
kinds of elements of Mn, Ru, and the Re were added by Cr, magnetic storage data medium which has this desirable configuration 
can be adjusted so that it may become 400K or more about Neel temperature of that antiferromagnetism layer. Moreover, it is 
thought that stability over heat fluctuation of magnetic storage data medium of this invention can be increased. 
[0039] A substrate layer which has an antiferromagnetism layer which consists of an alloy with which one or more kinds of 
elements of Mn, Ru, and the Re were further added in Cr including Cr in this way hereafter is described. An antiferromagnetism 
layer which a substrate layer of each magnetic storage data medium which has a desirable configuration explained below has has 
the same feature as a fragmentation layer with the same configuration as this antiferromagnetism layer mentioned above. 
[0040] It is desirable that it is the layer which the antiferromagnetism layer turns into from an alloy with which Mn of 
concentration not more than more than 5at%80at% was further added in Cr including Cr by above-mentioned magnetic storage 
data medium which has an antiferromagnetism layer which a substrate layer turns into from the above-mentioned alloy. 
[0041] Moreover, it is desirable that it is the layer which the antiferromagnetism layer turns into from an alloy with which Ru of 
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concentration not more than more than 2at%18at% was further added in Cr including Cr by above-mentioned magnetic storage 
data medium which has an antiferromagnetism layer which a substrate layer turns into from the above-mentioned alloy. 
[0042] Moreover, it is desirable that it is the layer which the antiferromagnetism layer turns into from an alloy with which Re of 
concentration not more than more than 2at%14at% was further added in Cr including Cr by above-mentioned magnetic storage 
data medium which has an antiferromagnetism layer which a substrate layer turns into from the above-mentioned alloy. 
[0043] Moreover, it is desirable that it is the layer which the antiferromagnetism layer turns into from an alloy with which one or 
more kinds of elements of Mo and the W were added further by above-mentioned magnetic storage data medium which has an 
antiferromagnetism layer which a substrate layer turns into from the above-mentioned alloy. 

[0044] Moreover, it is desirable that it is the layer which the antiferromagnetism layer turns into from an alloy with which one or 
more kinds of elements were further added among Pt and Rh by above-mentioned magnetic storage data medium which has an 
antiferromagnetism layer which a substrate layer turns into from the above-mentioned alloy. 

[0045] Moreover, it is desirable that it is the layer which the antiferromagnetism layer turns into from an alloy which has 400K 
or more Neel temperature by above-mentioned magnetic storage data medium which has an antiferromagnetism layer which a 
substrate layer turns into from the above-mentioned alloy. 

[0046] As for magnetic storage data medium of above-mentioned this invention, it is desirable to have a protective layer which 
adjoins the maximum upper layer of the (5) magnetic-recording layers, and contains carbon. 

[0047] Since a protective layer of the above (5) consists of a hard particle in the case of this magnetic storage data medium, a 
magnetic-recording layer of the above (2) is protected by that protective layer. 

[0048] Moreover, as for magnetic storage data medium of above-mentioned this invention, it is desirable that it is what product 
Br-t with the total t of a residual magnetic flux density Br and thickness of a magnetic-recording layer of a magnetic-recording 
layer becomes below 100 Gauss-mu m more than 20 Gauss-mu m. 

[0049] Since Br-t has a value which is a 100 Gauss-mu m grade, in order to raise resolution of magnetic storage data medium, as 
for magnetic storage data medium currently used for the general present, it is desirable to make thinner total t of thickness of a 
magnetic-recording layer, and to make a value of Br-t below into 100 Gauss-mu m. Moreover, since sufficient playback output is 
not obtained by arm head from which a value of Br-t is used for a current general one by magnetic storage data medium below 
20 Gauss-mu m, either, it is desirable for a value of Br-t to be more than 20 Gauss-mu m. 

[0050] As for above-mentioned magnetic storage data medium by which two or more above-mentioned magnetic-recording 
layers of each consist of a material which has a uniaxial-crystal magnetic anisotropy, it is desirable that the direction of a 
uniaxial-crystal magnetic anisotropy is what is equal to a circumferencial direction of a base of the shape of the disk while the 
base is a disk-like base. 

[005 1] Generally, magnetic storage data medium is a disk-like, and the direction of a magnetic field of an arm head which 
records or reproduces magnetic information to the magnetic storage data medium turns to a circumferencial direction of the disk. 
Magnetic information on the magnetic storage data medium is thermally held at stability, so that an operation gestalt may explain 
later and a magnetic anisotropy to a circumferencial direction of a disk of magnetic storage data medium is large. 
[0052] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is explained. 

[0053] First, the configuration of magnetic storage data medium of the operation gestalt of this invention is explained the middle 
using drawing 2 using drawing 1 . 

[0054] Drawing 1 is drawing showing the cross-section structure of magnetic storage data medium of the operation gestalt of this 
invention. 

[0055] Magnetic storage data medium m2 is constituted by the substrate 3 which supports the magnetic-recording layer 1 which 
bears magnetic information, the fragmentation layer 2 which divides the magnetic-recording layer 1 in the 1 st 
magnetic-recording layer 1_1 and the 2nd magnetic-recording layer 1_2, and the magnetic-recording layer 1 and the 
fragmentation layer 2, the substrate 3, the substrate layer 4 which mediates the magnetic-recording layer 1_1 of the above 1st, 
and the protective layer 5 which protects the magnetic-recording layer 1. 

[0056] A substrate 3 is an aluminum/NiP disk substrate [ finishing / texture processing ] with which aluminum plating was 
performed to the NiP disk substrate, and is equivalent to the nonmagnetic base said to this invention. This substrate 3 is adjoined, 
it consists of CrMolO, the substrate layer 4 which has the thickness of 30nm is formed, and the 1st magnetic-recording layer 1_1 
is formed in the upper part of the substrate layer 4. In addition, all presentations of the matter are expressed with at%. 
[0057] It is only that the 2nd magnetic-recording layer 1_2 and location differ from each other, and the 1st magnetic-recording 
layer 1_1 is completely the same about the thickness of a layer, and its construction material. These layers have lOnm and thin 
thickness, and it consists of a polycrystal material of the CoCrPtTa alloy (Co68Cr20PtlOTa2) which has the hexagonal structure 
which shows ferromagnetism. Those crystal grain children's magnetization has a uniaxial-crystal magnetic anisotropy towards 
each crystal (001). Each of the crystal grain child is formed so that the direction of the uniaxial-crystal magnetic anisotropy may 
be mostly equal to the circumferencial direction of the disk substrate 3 of the above. Its orientation of magnetization is good, 
since this ferromagnetic CoCrPtTa alloy has a uniaxial-crystal magnetic anisotropy as mentioned above, since holding power He 
is high, resolution is high [ an alloy ], and it is high-density, and suitable as a material of the magnetic-recording layer of 
magnetic storage data medium by which magnetic information is recorded. 

[0058] The fragmentation layer 2 is adjoined and formed in the upper part of this 1st magnetic-recording layer 11, the upper 
part of the fragmentation layer 2 is adjoined and the 2nd magnetic-recording layer 1_2 is formed. The fragmentation layer 2 has 
the thickness of 5nm, and consists of CrMn30 which is the antiferromagnetism material of body-centered cubic structure. This 
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CrMn30 has about 800K high Neel temperature. With this operation gestalt, since not mere non-magnetic materials, such as Cr, 
but an antiferromagnetism material called CrMn30 is adopted as a material of the fragmentation layer 2, magnetization of an 
interface with the 1st magnetic-recording layer 1_1 or the 2nd magnetic-recording layer 1_2 does an exchange interaction 
mutually between magnetization of the interface of the fragmentation layer 2 which adjoins on both sides of this magnetization 
and its interface. 

[0059] The material of the alloy which made Cr the subject is adopted in the fragmentation layer 2 and the substrate layer 4. 
Generally, the orientation of magnetization of the magnetic-recording layer which the way which used the material of 
body-centered cubic structure adjoins a substrate layer, and is formed becomes good, and it is the same as that of a substrate 
layer also about a fragmentation layer than the material of face centered cubic structure. Drawing 2 explains the crystal structure 
of these layers. 

[0060] Drawing 2 is drawing showing the crystal structure of the material which constitutes a substrate layer, and the crystal 
structure of the material which constitutes a magnetic-recording layer. 

[0061] The hexagonal unit cell 6 of the CoCrPtTa alloy which constitutes the 1st magnetic-recording layer 1_1 in the upper part 
of drawing is expressed with drawing 2 , and the crystal structure of the cubic substrate 7 which consists of CrMolO of the 
body-centered cubic structure which constitutes the substrate layer 4 is expressed with the lower part of drawing. Here, the 
portion to which the cube showing the unit cell of body-centered cubic structure is located in a line with the flat surface of a layer 
by vertical 3x side 3 is extracted as the crystal structure of the cubic substrate 7 from the interface which touches the 1st 
magnetic-recording layer of the substrate layer 4. Elongation and a field vertical to the flat surface of a layer express the field 
(1 10) 8 of this crystal structure in the direction of the diagonal line of the upper surface of this cube. 

[0062] Moreover, the hexagonal unit cell 6 has the configuration of a hexagonal prism. The shaft vertical to both the bases of 
that hexagonal prism expressed the c axis 9 of this hexagonal structure, and c axis 9 has turned to the direction of the one 
diagonal line of the upper surface of the cube which is the flat-surface inboard of a layer and appears in the cubic substrate 7. 
The crystal of a CoCrPtTa alloy has a uniaxial-crystal magnetic anisotropy in the direction of this c axis 9. 
[0063] Both the bases of the above-mentioned hexagonal prism express the field (001) 10 of this hexagonal structure. The field 
which has the spacing of the one half of the spacing of this (001) field is a field (002) 1 1, and this (002) field 1 1 is parallel to 
both the above-mentioned bases and both these bases, and is expressed by the field of both these bases exactly located in the 
medium, a turning-to [ these (002) fields 1 1 ]-direction with cubic substrate layer 7(110) side - parallel - further - the spacing 
of a field (002) 1 1 - about [ the spacing of the field (1 10) of the cubic substrate 7, and ] ~ I am doing one. Therefore, 
heteroepitaxial growth of the CoCrPtTa alloy of hexagonal structure is carried out by the interface of the upper part of the 
substrate layer 4 which consists of CrMolO of body-centered cubic structure. As stated previously, c axis 9 turns to the 
flat-surface inboard of a layer for the CoCrPtTa alloy of hexagonal structure carrying out heteroepitaxial growth in this way in 
fact, and, thereby, orientation of the magnetization of the 1st magnetic-recording layer 1_1 is carried out to the flat-surface 
inboard of a layer. 

[0064] Furthermore, if the 1st magnetic-recording layer 1_1 carries out heteroepitaxial growth by the interface of the upper part 
of the substrate layer 4, in order that the fragmentation layer 2 which consists of CrMn30 on the 1st magnetic-recording layer 
and the 2nd magnetic-recording layer 1_2 which consists of a CoCrPtTa alloy on the fragmentation layer 2 may carry out 
heteroepitaxial growth similarly, orientation also of the magnetization of the 2nd magnetic-recording layer 1_2 is carried out 
good into the field of a layer. Thus, since orientation is carried out good into a field, the holding power He of the 
magnetic-recording layer 1 also has high magnetization of both the layers of the magnetic-recording layer 1. This holding power 
He is high, and since each layer of the magnetic-recording layer 1 mentioned above is thin, magnetic storage data medium m2 of 
this operation gestalt has high resolution. 

[0065] in addition, the fragmentation layer 2 and the substrate layer 4 - one or more kinds of elements of Mo and the W may be 
added by each alloy which makes a subject Cr which constitutes each, and the spacing of the field (110) of the alloy is adjusted 
by the addition. The epitaxial growth in the interface of the fragmentation layer 2 and the substrate layer 4, and the 
magnetic-recording layer 1 will become good further, and the holding power He of the magnetic-recording layer 1 will be 
heightened by this accommodation. 

[0066] In order to protect each class described until now, the protective layer 5 which consists of a meeting of the hard particle 
which adjoins the upper part of the 2nd magnetic-recording layer 12, and consists of carbon with a thickness of 8nm is formed. 
A protective layer 5 prevents breakage on each class including the magnetic-recording layer 1 which occurs when the floatation 
arm head which reads the magnetic information currently recorded on both the magnetic-recording layer contacts this magnetic 
storage data medium without it. 

[0067] Magnetic storage data medium m2 which has a configuration which was described above was manufactured by the DC 
magnetron sputtering method. After preparing the above-mentioned aluminum/NiP disk substrate washed well on the occasion of 
the manufacture and exhausting the degree of vacuum of a film production room to 1 .Ox 1 0 to 7 or less Torrs, Ar gas was 
introduced, 5mTorr(s) were maintained and the temperature of the substrate was heated at 220 degrees C. Then, film production 
of each class mentioned above was advanced one by one on the non-bias. 

[0068] Magnetic storage data medium m2 of this operation gestalt which has the feature on the configuration of holding power 
He and resolution being high as mentioned above, and being divided by the fragmentation layer 2 which the magnetic recording 
layer 1 turns into from an antiferromagnetism material explains that the magnetic information currently recorded on the magnetic 
recording layer 1 is thermally stable. The measurement result of S/Nm at the time of reproducing the measurement result and its 
magnetic information on the stability over the heat fluctuation of the magnetic information is shown in a table 1. As a 
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comparative object, only the fragmentation layer 2 also shows the result which receives conventional magnetic storage data 
medium ml which it comes to replace in the fragmentation layer 2 and the layer which consists of the nonmagnetic Cr with the 
same thickness in a table 1 from magnetic storage data medium m2. This magnetic storage data medium ml was manufactured 
except for the material of a fragmentation layer being Cr in the manufacture procedure of magnetic storage data medium m2, and 
the same procedure under the same manufacture conditions as the manufacture conditions of magnetic storage data medium m2. 
[0069] 
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[0070] Conventional magnetic storage data medium ml and magnetic storage data medium m2 of this operation gestalt are 
shown in the leftmost column of a table 1 as the measuring object. The thickness of the 1st magnetic-recording layer 1_1 of both 
data medium of ml and m2 and the 2nd magnetic-recording layer 1_2 is the same respectively, and Br-t of the 
magnetic-recording layer 1 which consists of those layers is 70Gauss-mum by any data medium. T90 of the maximum upper case 
of a table 1 is time amount until the magnitude of the residual magnetization Mr of data medium decreases in 300K in 90% of the 
magnitude of the magnetization in early stages of measurement, and expresses the life of the magnetic information currently 
recorded on magnetization of data medium, and data medium. With the magnetization currently recorded on the 
magnetic-recording layer 1, time amount change of the residual magnetization Mr of both data medium of the above ml and m2 
was measured by SQUID (Superconductive Quantum Interference Device), when the case where there is no reverse impression 
magnetic field Hr added to hard flow, and Hr(s) were 400Oe(s). From time amount change of the measured residual 
magnetization Mr, it decided on the time amount T90 of both data medium of ml and m2. A ratio with the data-medium noise 
Nm at the time of reproducing the magnetic information recorded with the output signal reinforcement Siso at the time of 
reproducing the magnetic information on a solitary- wave condition with the low track recording density near the OkFCI and the 
track recording density of 160kFCI is expressed Siso of maximum upper case of table 1/Nm. And the numeric character of six 
columns surrounded by the maximum upper case and its leftmost column expresses each measured value. 
[0071] About T90, when he had no reverse impression magnetic field (Hr=0Oe), T90 of magnetic storage data medium m2 of 
this operation gestalt divided with the alloy of antiferromagnetism became 8.4x 1014 and time amount longer about 1000 times 
than T90 of magnetic storage data medium ml to T90 of magnetic storage data medium ml divided by nonmagnetic Cr having 
been 8. Ox 101 1 years. Moreover, also when the reverse impression magnetic field Hr of 400Oe was added, T90 of magnetic 
storage data medium m2 were longer than T90 of magnetic storage data medium ml, and T90 of magnetic storage data medium 
m2 became the 200 times as many time amount about in 2x102 as this to T90 of magnetic storage data medium ml having been 
about one year and short time amount. 

[0072] In magnetic storage data medium m2 of this operation gestalt by which this reason was divided with the alloy of 
antiferromagnetism Since an exchange interaction works mutually between magnetization of each magnetic-recording layer 
which shows ferromagnetism, and magnetization of the interface of the fragmentation layer 2 of antiferromagnetism which 
adjoins this magnetization The anisotropy energy Ku of the ferromagnetic crystal grain child who constitutes the 
magnetic-recording layer 1 is because it increases seemingly, therefore the direction of the ferromagnetic crystal grain child's 
magnetization is stabilized. 

[0073] Moreover, both data medium of conventional magnetic storage data medium ml and magnetic storage data medium m2 
of this operation gestalt showed high Siso/Nm, such as 30.1dB and 30.2dB, respectively. Thus, also when the alloy of 
antiferromagnetism is used as a material of the fragmentation layer of magnetic storage data medium, it is maintained at a high 
value Siso of magnetic storage data medium/Nm. 

[0074] In addition, although Br-t was a 70 Gauss-mu m grade, it is desirable [ magnetic storage data medium m2 of this 
operation gestalt ] that it is a value below 100 Gauss-mu m near the value of Br-t of magnetic storage data medium currently 
used for a current general one in order to obtain resolution with the high value of Br-t in this invention. Moreover, since 
sufficient playback output is not obtained by the arm head from which the value of Br-t is used for a current general one by 
magnetic storage data medium below 20 Gauss-mu m, either, it is desirable that the value of Br-t is more than 20 Gauss-mu m. 
[0075] Thus, magnetic storage data medium m2 of this operation gestalt which has the fragmentation layer 2 which consists of an 
antiferromagnetism material as a fragmentation layer While high Siso [ comparable as conventional magnetic storage data 
medium ml which has the fragmentation layer which consists of nonmagnetic Cr ]/Nm was shown, having the stability over the 
heat fluctuation with the magnetic information far higher than the magnetic information memorized by conventional magnetic 
storage data medium ml memorized there was checked. 

[0076] By magnetic storage data medium m2 of this operation gestalt, although CrMn30 was adopted as the fragmentation layer 
2, the material which can be used for the fragmentation layer 2 besides CrMn30 exists. In order to adopt those materials as a 
fragmentation layer 2 It is required for those materials to function as a fragmentation layer 2 at the temperature of about 60 
degrees C or more magnetic storage data medium currently used by the present usual state in Japan is guaranteed to be on the 
occasion of the record playback and storage. The sake, It is desirable to take moderate additional coverage from the 
temperature, and to have the Neel temperature more than 400K (about 130 degrees C). Hereafter, the presentation of three kinds 
of alloys which serve as a candidate of the material of the fragmentation layer 2 with drawing 3 , and the Neel temperature of 
those alloys are explained. 
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[0077] Drawing 3 is a graph which shows the change of the Neel temperature of the alloy to the addition concentration of the 
added element in each alloy with which each element of Mn, Ru, and Re was added by Cr. 

[0078] A horizontal axis expresses each addition concentration of the addition concentration of Mn in a CrMn alloy, Ru addition 
concentration in a CrRu alloy, and Re addition concentration in a CrRe alloy with at%. An axis of ordinate expresses the Neel 
temperature of each alloy of a CrMn alloy, a CrRu alloy, and a CrRe alloy per K. 

[0079] Each alloy is equivalent to Cr of a simple substance, when addition concentration is zero. In this case, as shown in the 
point aO in drawing, Neel temperature is 300K of a room temperature mostly. Therefore, Cr is stabilized at a room temperature 
and does not serve as antiferromagnetism. Moreover, since the magnitude of the exchange interaction committed among 
magnetization is small so that it may think from the low Neel temperature even if Cr serves as antiferromagnetism, Cr does not 
contribute to the reinforcement of the magnetic information currently recorded on magnetization of the magnetic-recording layer 
1, and the magnetic-recording layer 1 as a material of the fragmentation layer 2. 

[0080] A continuous line al shows signs that the Neel temperature of a CrMn alloy changes to the addition concentration of Mn. 
As shown in this continuous line al, the Neel temperature of a CrMn alloy increases in monotone as the addition concentration 
of Mn increases from 0at% to 20at(s)%, and is saturated with a high temperature of 800K in about [ 20at% ] addition 
concentration. Moreover, a continuous line a2 shows signs that the Neel temperature of a CrRu alloy changes to the addition 
concentration of Ru. As shown in this continuous line a2, after the Neel temperature of a CrRu alloy increases in monotone as the 
addition concentration of Ru increases from 0at% to about 8at%, it has a peak near 8at% and turns into a high temperature 
exceeding 500K. Then, if the addition concentration of Ru increases beyond about 8at%, the Neel temperature will decrease in 
monotone. Moreover, a continuous line a3 shows signs that the Neel temperature of a CrRe alloy changes to the addition 
concentration of Re. As shown in this continuous line a3, after the Neel temperature of a CrRe alloy increases in monotone as the 
addition concentration of Re increases from 0at% to about 3at%, it has a peak near 3at% and turns into a high temperature of 
600K. Then, if the addition concentration of Re increases beyond about 3at%, the Neel temperature will decrease in monotone. 
[0081] as mentioned above - if it is Mn, Ru, or Re - Cr - several ~ at% - the Neel temperature of Cr improves or more [ 200 ] 
by K only by being added. And in order to have the Neel temperature to which each alloy of a CrMn alloy, a CrRu alloy, and a 
CrRe alloy exceeds 400K, what is necessary is just the alloy which has the addition concentration of Mn beyond 5at%, the 
addition concentration of Ru not more than more than 2at%18%, and the addition concentration of Re not more than more than 
2at%14%, respectively. In addition, as for the addition concentration of Mn of a CrMn alloy, it is desirable to make into a 
maximum 80% formed in stability as an alloy of body-centered cubic structure of a spatter. The fragmentation layers of magnetic 
storage data medium of this invention may be either the CrMn alloy which has the addition concentration within the limits which 
responded to the alloy of each above in addition to CrMn30 of the material which constitutes the fragmentation layer 2 of 
magnetic storage data medium m2 of the operation gestalt mentioned above, a CrRu alloy and a CrRe alloy. In addition, refer to 
the "magnetic-substance handbook" (edit besides Showa 50, **********, first edition) for the data of the graph of 

drawing 3 . 

[0082] Next, Siso [ at the time of reproducing the magnetic information which was mentioned above and which is recorded there 
]/Nm is large, and the magnetic information by which the magnetic information is recorded there to heat fluctuation when stable 
magnetic storage data medium m2 of this operation gestalt changes the configuration of the one portion becomes stability to heat 
fluctuation further. Hereafter, some configurations which make such magnetic information stability further to heat fluctuation are 
explained in order. 

[0083] First, by adopting an antiferromagnetism material instead of nonmagnetic CrMolO as a material of the substrate layer 4 
explains that the stability over the heat fluctuation of magnetic information increases further. 

[0084] A table 2 is a table showing the measurement result of T90 in three kinds of data medium in case there is no reverse 

impression magnetic field Hr temperature 300K. 

[0085] 
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[0086] The class of measured data medium is shown in the column on the left of a table 2. One of those data medium adjoins an 
aluminum/NiP disk substrate [ finishing / texture processing ]. The substrate layer which has the thickness of 25nm it is thin from 
nonmagnetic CrMolO is formed. It is data medium m3 by which the magnetic-recording layer of the monolayer which has the 
thickness of 25nm it is thin from Co72Crl9Pt5Ta2Nb2 was formed in the upper part of the substrate layer, and the protective 
layer with a thickness of 8nm it is thin from carbon was further formed in the upper part of the magnetic-recording layer. As for 
two remaining data medium, the thickness of the substrate layer only the substrate layer of data medium m3 to data medium m3 
Moreover, with 25nm, It is data medium m5 by which the thickness of the substrate layer transposed only the substrate layer of 
data medium m3 to data medium m4 replaced with the substrate layer which consists of CrMn40 which is an antiferromagnetism 
material, and data medium m3 to the substrate layer which consists of CrMn40Pt5 of an antiferromagnetism material with 25nm. 
magnetic storage data medium m2 of the operation gestalt which mentioned these data medium above - the same - the 
manufacture conditions of magnetic storage data medium m2 - the same -- under the partial pressure of gas in a film production 
room, and the temperature of a substrate, film production of each class of each data medium was advanced on the non-bias by the 
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DC magnetron sputtering method, and it was manufactured. 

[0087] T90 in each data medium of a left column is shown in the column on the right of a table 2. Such time amount T90 did not 
have the reverse impression magnetic field Hr, is the conditions which are temperature 300K, and was found by measuring time 
amount change of the residual magnetization Mr of each data medium by SQUID. 

[0088] T90 will become long about 1010 times with about 1029 to having been about 1019 years by magnetic storage data 
medium m4 which has the substrate layer which consists of CrMn40 of an antiferromagnetism material by magnetic storage data 
medium m3 which has the substrate layer which consists of nonmagnetic CrMolO. It is thought that this it is reasonable in an 
exchange interaction working mutually like the case where an antiferromagnetism material is used for a fragmentation layer, 
between magnetization of the magnetic-recording layer which shows ferromagnetism, and magnetization of the interface of the 
layer of antiferromagnetism which adjoins this magnetization. 

[0089] Moreover, by magnetic storage data medium m5 which has the substrate layer of the antiferromagnetism which consists 
of CrMn40Pt5 containing Pt, T90 becomes long about further 107 times from T90 of about 1036 and data medium m4. Although 
it is raised that Pt element which dissolved in the grid of a CrMn alloy polarizes by the internal magnetic field as this factor, 
about that detailed device, it is not clear. This polarization is known also in Ru element and Rh element, and can expect buildup 
of T90 also by addition of either Ru and Rh. Moreover, it is thought by addition of Pt, Ru, and Rh which mentioned above Cr(s) 
other than a CrMn alloy also to the alloy made into a subject that T90 increases. 

[0090] Thus, it sets to magnetic storage data medium m2 of this operation gestalt which has the fragmentation layer of 
antiferromagnetism. Since magnetization of the magnetic-recording layer 1 does an exchange interaction mutually also between 
magnetization of the substrate layer by replacing the substrate layer 4 which consists of CrMolO in the substrate layer of 
antiferromagnetism in addition to the exchange interaction between magnetization of the fragmentation layer 2 Magnetic storage 
data medium which it comes to transpose to the substrate layer is considered to be long data medium of T90 which is stabilized 
further thermally and memorizes magnetic information rather than magnetic storage data medium m2. 

[0091] As for the material of the substrate layer of this antiferromagnetism, it is desirable like the material of the fragmentation 
layer 2 to have 400K or more Neel temperature, and, specifically, the CrMn alloy which has the addition concentration of Mn 
not more than more than 5at%80%, the CrRu alloy which has the addition concentration of Ru not more than more than 
2at%18%, the CrRe alloy which has the addition concentration of Re not more than more than 2at%14at% are raised as a 
candidate. Moreover, one or more kinds of elements of Mo and the W may be further added by those materials of this substrate 
layer, and the spacing of the field (1 10) of the alloy which serves as that material by that addition is adjusted. Moreover, Pt may 
be further added by those materials of this substrate layer, and as a table 2 explained by this addition of Pt, it is thought that T90 
becomes long, data medium containing that substrate layer is stabilized for a long period of time, and magnetic information is 
memorized. Moreover, it is thought that it may be added by the fragmentation layer 2, and T90 becomes long, and data medium 
containing the fragmentation layer by which Pt was added is also further stabilized by Pt for a long period of time, and it 
memorizes magnetic information. 

[0092] Although the antiferromagnetism material is excellent as a material of a substrate layer since T90 is long as for magnetic 
storage data medium which has the substrate layer which consists of an antiferromagnetism material mentioned above, about 
crystallinity, the direction of other nonmagnetic materials may be excellent. In such a case, by placing the substrate layer which 
consists of a nonmagnetic material which has the body-centered cubic structure same as a substrate of the substrate layer of the 
antiferromagnetism, and making a substrate layer two-layer, the heteroepitaxial growth of the layer which the crystallinity of the 
antiferromagnetism material becomes better and becomes from the antiferromagnetism material, and a magnetic-recording layer 
is promoted, and the holding power He of magnetic storage data medium is improved. As a material of the nonmagnetic substrate 
layer described here, Cr system alloy of body-centered cubic structure is suitable. 

[0093] Next, by enlarging the magnetic anisotropy of the magnetic-recording layer 1 explains that the stability over the heat 
fluctuation of the magnetic information memorized by magnetic storage data medium m2 increases further. 
[0094] Drawing 4 is a graph to the orientation ratio (OR) of magnetization of a magnetic-recording layer which shows the 
simulation result of change of T90. 

[0095] This simulation was a micro magnetic simulation which used the Monte Carlo method together, the situation of the 
thermal relaxation of magnetization in the 1-bit field of the magnetic-recording layer of a monolayer was investigated by this 
simulation based on the anisotropy energy in various coordination which each magnetization of each ferromagnetic crystal grain 
child in that field takes, the Zeeman energy, static magnetism energy, and the energy by the exchange interaction, and the 
magnetization T90 in that 1-bit field was calculated. 

[0096] a ratio with the holding power Her at the time of impressing and measuring a magnetic field with OR in the head transit 
direction of [ at the time of generally impressing and measuring a magnetic field to the circumferencial direction of a disk 
substrate ], i.e., holding power Hcc and the direction of a path, - it is Hcc/Hcr and often becomes the error criterion of a 
magnetic anisotropy. 

[0097] The horizontal axis of a graph expresses the thickness of a magnetic-recording layer per rati. The thickness of a 
magnetic-recording layer is equivalent to each ferromagnetic crystal grain child's height in this simulation, an axis of ordinate ~ 
T90 of magnetization of this magnetic-recording layer - a logarithm - it expresses with a scale. As the white round head bl 
showed, in the case of OR=1.0, T90 of magnetization of the magnetic-recording layer whose thickness is lOnm became with 104 
seconds. In addition, in this magnetic-recording layer, thickness is lOnm and the value of (KuV)/(kBT) is 42.2. In the graph of 
this drawing 4 , since the value of Ku/(kBT) is always fixed and the area in each ferromagnetic crystal grain child's stratification 
plane is fixed, the value of (KuV)/(kBT) is proportional to the thickness which a horizontal axis expresses. 
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[0098] As for the continuous line which passes along the white round head bl, OR of magnetization of a magnetic-recording 
layer expresses that it is 1.0. the white round head bl and the white round head b3 on this continuous line, the white round head 
b4, and the white round head b5 - by those thickness, when the thickness of a magnetic-recording layer is 15nm, 20nm, 25nm, 
and 30nm, respectively, as each shows (KuV)/(kBT) of the ferromagnetic crystal grain child in a magnetic-recording layer takes 
the value of 63.2, 84.3, 105.4, and 126.45, respectively. T90 of the magnetization of a magnetic-recording layer which has a 
ferromagnetic crystal grain child with those values was 1010 seconds, 1015 seconds, 1020 seconds, and 1026 seconds about, 
respectively. Thus, when OR of magnetization of a magnetic-recording layer was fixed, while the value of (KuV)/(kBT) of the 
ferromagnetic crystal grain child in a magnetic-recording layer increased, T90 of magnetization of a magnetic-recording layer 
became long exponentially. 

[0099] Next, in order to explain the change of T90 by change of this OR, its attention is paid when magnetic-recording layer 
thickness is 20nm. In this case, the value of (KuV)/(kBT) was as fixed as 84.3 and Br-t was a value about 80 Gauss-mu m. the 
case where thickness is 20nm - the white rectangular head b3 1, the white rectangular head b32, the white rectangular head b33, 
the white rectangular head b34, and the white rectangular head b35, as each shows When OR of magnetization of a 
magnetic-recording layer takes the value of 0.86, and 1.00, 1.06, 1.16 and 1.36, respectively, T90 of the magnetization of a 
magnetic-recording layer which has a ferromagnetic crystal grain child with those values was 1013 seconds, 1015 seconds, 1018 
seconds, 1022 seconds, and 1031 seconds about, respectively. 

[0100] Thus, if 0.1 ****s of OR were carried out for the index of the magnetic anisotropy of magnetization of a 
magnetic-recording layer in data medium whose Br-t is a 80 Gauss-mu m grade, T90 of magnetization of a magnetic-recording 
layer will have improved greatly with 104 to 105 times. Moreover, the dashed line passing through each white rectangular head 
of the white rectangular head b3 1 - the white rectangular head b35 expresses the situation of the change of T90 when changing 
the thickness of a magnetic-recording layer with the same OR as OR of those white rectangular heads. It is not based on the 
thickness but it rums out with improvement in OR that T90 improves greatly. 

[0101] It was checked that the magnetic information on that magnetic storage data medium expressed by T90 is held for a long 
period of time at stability, so that the magnetic anisotropy to the circumferencial direction of a disk expressed with the magnitude 
of OR of magnetic storage data medium was larger than the result of this simulation. 
[0102] 

[Effect of the Invention] As explained above, while it is possible to record information with high recording density, and to 
reproduce the information by the high signal quality (high S/Nm) according to this invention, magnetic storage data medium by 
which informational reinforcement was attained can be offered by increasing the stability over the heat fluctuation of the 
information. 



[Translation done.] 



